Abstract The increases in persistent sodium currents (I Na.P ) and Na + /H + exchange (NHE) causes intracellular Ca 2+ overload. The objective of this study was to determine the contribution of I Na.P and NHE on the hypoxia-or acute ischemia-induced increase in the reverse Na + /Ca 2+ exchange current (HIR-or AIR-I NCX ). I Na.P and I NCX in rabbit ventricular myocytes were recorded during hypoxia or acute ischemia, combination of acidosis (pH values were 6.0 intracellularly and 6.8 extracellularly) and hypoxia, using whole-cell patch-clamp techniques. The results indicate that (1) under hypoxic condition, the augmentation of both HIR-I NCX and I Na.P was inhibited by TTX (2 to 8 μM) in a concentration-dependent manner. The inhibitions of I Na,P and HIR-I NCX reached maximum in the presence of either 4 μM TTX or 10 μM KR-32568 (a NHE inhibitor), respectively. The maximal inhibitions of HIR-I NCX by 4 μM TTX and 10 μM KR-32568 were 72.54% and 16.89%, respectively. (2) Administration of 2 μM TTX and 10 μM KR-32568 in either order in the same cells decreased HIR-I NCX by 64.83% and 16.94%, respectively. (3) I Na.P and the reverse I NCX were augmented during acute ischemia. TTX (4 μM) and KR-32568 (10 μM) reduced AIR-I NCX by 73.39% and 24.13%, respectively. (4) Under normoxic condition, veratridine (20 μM) significantly increased I Na.P and the reverse I NCX , which was reversed by 4 μM TTX. In conclusion, during hypoxia or acute ischemia, both increased I Na.P and NHE contribute to the HIR-or AIR-I NCX with the former playing a major role comparing with the latter.
Introduction

Intracellular Ca
2+ overload due to the increase in intracellular Ca 2+ concentration ([Ca 2+ ] i ) is an important cause of cell injury in the heart during myocardial ischemia, especially at the re-perfusion phase. Investigation of the mechanisms responsible for the intracellular Ca 2+ overload-induced cell injury is of great importance. Although it is believed that Ltype calcium channels on the cell membrane are related to the increased inward Ca 2+ flow, increasing evidence has suggested that the reverse Na + /Ca 2+ exchange (NCX) is an important pathway during ischemia and hypoxia by which Ca 2+ enters into the cell and leads to intracellular Ca 2+ overload [14, 21, 37] . NCX is a passive process driven by electrochemical power and is an important regulating factor for the intracellular Ca 2+ homeostasis. Being electrogenic, the stoichiometry of the forward mode (Ca 2+ efflux mode) NCX is 3 Na + /1 Ca 2+ in myocardium and its direction is inward, the same as the direction of Na + current [5] . In contrast, the reverse mode of NCX (Ca 2+ influx mode) is opposite. That is, its direction is outward opposite to the direction of the Na potential and the relative ion concentrations of intracellular and extracellular Na + and Ca 2+ . Under physiological conditions, the inward NCX carries Ca 2+ from the cytosol into the extracellular space to export diastolic Ca 2+ from the cell. However, the reverse mode of NCX results in intracellular Ca 2+ overload and cell injuries [7, 38] . The mechanisms responsible for the intracellular Ca 2+ overload via NCX during ischemia and hypoxia have been reported to be caused by the intracellular Na + overload and the activation of the reverse NCX [11, 14, 24, 35 ]. An increase in intracellular Na + concentration ([Na + ] i ) is possibly caused by three mechanisms: (1) Na + flows into the cells (persistent Na + current, I Na.P ) through TTX-sensitive voltage-gated Na + channels during repolarization period; (2) Na + /H + exchange (NHE), through which Na + flows into the cell, is activated by a gradual increase of cytosolic H + concentration (intracellular acidosis); (3) ATP-dependent Na + -K + pump activity and Na + transport are attenuated secondarily to the decrease in ATP production during ischemia [6] .
It has been reported that the significant increase in I Na.P under hypoxic conditions leads to intracellular Na + overload and subsequently causes intracellular Ca 2+ overload due to the reverse NCX [13, 17, 22, 36, 42] ] o during hypoxia. To make matters worse, the results from the few investigations of the direct changes of I NCX under hypoxic conditions are highly controversial. As an example, reverse I NCX was reported to be decreased during hypoxia in guinea pig ventricular myocytes [39] , but increased in rat neurons [19] . It also remains unclear which of the two approaches, I Na.P or NHE, is predominant in mediating the HIR-or AIR-I NCX .
In this study, the amplitude of I Na.P and I NCX was recorded alternately and the synchronous trends were tracked to demonstrate the simultaneous changes in I Na.P and reverse I NCX in rabbit ventricular myocytes under sole hypoxic conditions. Selective I Na.P blocker TTX and NHE inhibitor KR-32568 were used either alone or in combinations to explore the contributions of I Na.P and NHE on HIR-I NCX . In addition, the pH values of intracellular pipette solution and extracellular solution were adjusted to 6.0 and 6.8, respectively, in the presence of hypoxia to better simulate conditions of ischemia in the heart. Veratridine, an activator of Na + channel, was used to determine the differences between drug-induced and hypoxia-induced changes in HIR-I NCX . The results in this study are of great theoretical and clinical significance for the prevention and treatment of ischemic heart diseases and cardiac arrhythmic activities, such as early afterdepolarization (EAD), delayed afterdepolarization (DAD), QT prolongation, etc. [41] .
Methods
Isolation of rabbit ventricular myocytes
All procedures in this study met the guide for the Care and Use of Laboratory Animals regulated by Administrative Regulation of Laboratory Animals of Hubei Province. The investigation conforms with the Guide for the Care and Use of Laboratory Animals published by the US National Institutes of Health (NIH Publication No. 85-23, revised 1996). Adult New Zealand White rabbits of either sex weighting 1.5-2 kg were heparinized (1,000 U/kg i.v.), and anesthetized with xylazine (7.5 mg/kg, i.m.) and sodium pentobarbital (55 mg/kg, i.v.). Hearts were excised rapidly and perfused retrogradely on a Langendoff apparatus for 5 min with a Ca 2+ -free oxygenated normal Tyrode's solution containing (mM): NaCl 135, KCl 5.4, MgCl 2 1.0, NaH 2 PO 4 Fig. 1 Time-dependent changes of persistent sodium current (I Na.P ). I Na.P was recorded from rabbit cardiomyocytes using two kinds of solutions during hypoxia (a) and the custom-made perfusing bath to simulate hypoxia (b). a I Na.P was recorded from single cells using either traditional solution or solution for I NCX recording. b Constant flow of 100% N 2 passed through the catheter into the nitrogen buffering slot and was then released from the radially arrayed slots to form a nitrogen curtain on the cell bath 0.33, glucose 10, and HEPES 10 (pH07.4). The heart was then enzymatically digested by perfusing with the same solution containing 0.1 g/L collagenase type I, 0.01 g/L protease E, and 0.5 g/L bovine serum albumin (BSA) for 22-25 min. The perfusate was finally switched to KB solution containing (mM): KOH 70, taurine 20, glutamic acid 50, KCl 40, KH 2 PO 4 20, MgCl 2 3, EGTA 0.5, HEPES 10, and glucose 10 (pH07.4) for 5 min. All solutions were bubbled with 100% O 2 and warmed at 37°C. The left ventricles were cut into small chunks and gently agitated in KB solution. The cells were filtered through nylon mesh and stored in KB solution at 4°C.
Solutions
To record I NCX , the intracellular pipette solution contained (mM): NaCl 20, CaCl 2 10, aspartic acid 50, MgCl 2 3, EGTA 20, HEPES 10, MgATP 5, and CsOH 120, pH adjusted to 7.3 or 6.0 using CsOH. The bath solution contained (mM): NaCl 140, CaCl 2 2, MgCl 2 2, HEPES 5, and glucose 10, pH adjusted to 7.4 or 6.8 using 2 M NaOH. In addition, 20 μM ouabain, 1 mM BaCl 2 , 2 mM CsCl, and 1 μM nicardipine were used to block the Na + -K + pump, K + channels, and Ltype Ca 2+ channels, respectively. I NCX was measured as the Ni 2+ -sensitive current that could be blocked by 5.0 mM NiCl 2 .
To confirm that I Na.P and I NCX could be successively and alternately recorded by using the intracellular and extracellular solutions for I NCX recording, the amplitude of I Na.P was compared with that by using traditional solutions, the pipette solution containing (mM): CsCl 120, CaCl 2 1, MgCl 2 5, Na 2 ATP 5, TEACl 10, EGTA 11, HEPES 10, pH07.3, and the extracellular solution being Tyrode's solution, during hypoxia. The results showed that the mean current density of I Na.P increased from −0.308±0.019 and −0.346±0.028 (normoxia) to −0.597±0.037 PA/PF and −0.634±0.047 PA/ PF (n06, P<0.05, Fig. 1a ) after hypoxia for 8 min by using the traditional solutions for I Na.P recording or the solutions for I NCX recording, respectively. There was no significant difference in the increase of the amplitude of I Na.P during hypoxia (0.290±0.027 vs. 0.289±0.038 PA/PF, n06, P> 0.05, Fig. 1a ) when cells were exposed to the two solutions. Fig. 2 a-e The effects of TTX on hypoxia-induced increase in I Na.P and I NCX . Inhibition of TTX on hypoxia-induced increase of I Na.P was concentration dependent. b The current-time relationship (I-T) curves were constructed from the negative slope region of a ramp voltage clamp during normoxia (control, trace e), hypoxia (trace a), and after administration of 2 (trace b), 4 (trace c), and 8 μM TTX (trace d), and 5 mM Ni 2+ (trace f), respectively. c Ni 2+ -sensitive (Na + /Ca 2+ exchange) current (I NCX ) obtained by subtracting the data in trace f from the data in traces a, b, c, d, and e. TTX inhibited the increase in reverse I NCX during hypoxia in a concentration-dependent manner. d, e Mean current densities of I Na.P and I NCX under control or hypoxia. *P<0.01 vs. control, **P<0.01 vs. hypoxia, # P<0.01 vs. 2 μM TTX Therefore, I Na.P and I NCX can be recorded consistently in an interval of 5 s by using the intracellular and extracellular solutions for I NCX recording.
Induction of hypoxia
In order to simulate anoxic conditions, ventricular myocytes were transferred into a custom-made perfusing bath (Fig. 1b) . Cells were continuously exposed to extracellular solution flowing through a small plastic tube. Hypoxia was achieved by bubbling the perfusate solution (normal extracellular solution for I NCX recording without glucose) in the test tube with 100% N 2 and saturated for at least 50 min. The flow rate was constant at 2 mL/min. Meanwhile, a constant flow of 100% N 2 flowed from a catheter into a radially arrayed slot, and the recording chamber was precisely controlled to create a stable laminar layer of nitrogen on the level of the bath to prevent O 2 in the air from diffusing into the solution. With the use of this system, the O 2 tension in the bath solutions was reduced to 1.33 kPa (10 mmHg) within 3-5 min. An ISO 2 dissolved oxygen meter (WPI, USA) was used to monitor the O 2 tension in solutions throughout the experiment.
Electrical recordings
All experiments were performed at room temperature (22-24°C
). Rabbit ventricular myocytes were placed into a recording chamber that was bathed with normal extracellular solution. I Na.P and I NCX were recorded in voltage clamp mode by using whole-cell patch-clamp techniques. Patch electrodes were pulled with a two-stage patch pipette puller (PP-830; Narishige Group, Tokyo, Japan) with resistances ranging from 1 to 2 MΩ when filled with pipette solution. Capacitance and series resistances were adjusted to obtain minimal contribution of the capacitive transients. A 60% to 80% compensation of the series resistance was achieved without ringing. Currents, filtered at 2 kHz, digitized at 10 kHz, and stored on a computer hard disk for further analysis, were obtained through an AgAgCl wire to the head stage of a Multiclamp 700B amplifier (Axon Instruments Inc., USA).
Drugs and reagents
Collagenase type I was obtained from Gibco (GIBCO TM, Invitrogen, Paisley, UK). Bovine serum albumin (BSA), HEPES, and taurine were obtained from Roche (Basel, Switzerland). Tetrodotoxin (TTX) was purchased from Hebei Fisheries Research Institute (Qinhuangdao, China). All other chemicals were purchased from Sigma Chemical (Saint Louis, MO, USA). KR-32568 was used at 10 mg and diluted from a stock of 1 mL in dimethylsulfoxide (DMSO). Control experiments showed no effect of DMSO on ion currents when present at the concentration used in this study (n03, P>0.05).
Data analysis
All values were expressed as mean±SD. Whole-cell recordings were analyzed using clampfit 9.0 (Axon Instruments).
Figures were plotted using Origin software (v7.0; OriginLab Co., MA, USA). Statistical significance between two groups was determined using Student'st test. A P value <0.05 was considered to be statistically significant.
Results
Measurements of I Na.P and electrogenic I NCX I Na.P was recorded in the absence and then in the presence of 2 μM TTX with 300-ms voltage steps from a holding potential of −120 to −30 mV. Amplitudes of I Na.P were measured at 200 ms after a testing depolarizing pulse. TTX (2 μM) did not alter transient Na + current (I Na.T ) but decreased I Na.P from −0.322±0.024 to −0.208±0.017 PA/PF (n 06, P < 0.05), indicating that the current was TTXsensitive Na + currents, i.e., I Na.P . Membrane currents were elicited by using ramp voltage-clamp pulses from a holding potential of −40 mV to +60 mV for 100 ms and then ramped to −120 mV over a period of 2 s (i.e., at 90 mV/s) before returning to −40 mV. The current-time relationship was constructed from the declining slope of the ramp pulse (Figs. 2b, 3b , and 4c). I NCX was measured at voltage levels of +50 and −100 mV, respectively, as the Ni 2+ -sensitive current by subtracting the current recorded in presence from that in absence of 5 mM NiCl 2 [25] (Figs. 2c, 3c , and 4d).
The concentration-dependent inhibition of TTX on hypoxia-induced increase of I Na.P and reverse I NCX I Na.P and I NCX were recorded alternately at an interval of 5 s after 8 min of hypoxia. The mean current density of inward Fig. 4 Effects of TTX (4 μM) and KR-32568 (10 and 20 μM) on increased persistent Na + current (I Na.P ) and Na + Ca 2+ exchange current (I NCX ) during hypoxia (n07). a TTX (4 μM) inhibited I Na.P during hypoxia but the amplitude of I Na.P changed little after adding 10 μM KR-32568. b Synchronous tendency of I Na.P and the reverse I NCX along time during hypoxia. I NCX had little change, while both I Na.P and reverse I NCX were increased. TTX (2, 4, and 8 μM) diminished I Na.P and reverse I NCX . The inhibition of both currents by TTX reached a steady state at concentrations of 4 and 8 μM. That is, there was no significant difference in the inhibitory effects of 4 or 8 μM TTX on hypoxia-increased reverse I NCX (n07, P>0.05, Fig. 2) , accounting for the fact that 4 μM TTX completely inhibits I Na.P and reverse I NCX in ventricular myocytes here.
The effects of TTX on veratridine-induced increase in I Na.P and I NCX Veratridine (20 μM) significantly increased both I Na.P and reverse I NCX . In the continued presence of 20 μM veratridine, 4 μM TTX significantly reduced the increases in both I Na.P and reverse I NCX (n07, Fig. 3 ).
The inhibitory effects of TTX and KR-32568 on hypoxia-induced increase in I Na.P and reverse I NCX TTX (4 μM) significantly reduced the increase in I Na.P and reverse I NCX during hypoxia (Fig. 4) . In contrast, 10 or 20 μM KR-32568 did not alter I Na.P but slightly reduced the reverse I NCX . The difference between the inhibitory effect of 10 μM and that of 20 μM KR-32568 on hypoxiainduced increase in reverse I NCX was trivial (n07, P>0.05; Figs. 4 and 5a, c), convincingly explaining 10 μM KR-32568 completely inhibiting reverse I NCX in ventricular myocytes here. The inhibitory effect of 4 μM TTX on reverse I NCX was greater than that of 10 and 20 μM KR-32568. The inhibitory proportions, defined as the reversed part by either TTX or KR-32568 on reverse I NCX as a percentage of the total increment of the HIR-I NCX , were 72.54% and 16.89% for TTX and KR-32568, respectively (Fig. 5b) . Furthermore, 2 μM TTX and 10 μM KR-325689 were sequentially used in the same hypoxic cells. The inhibitory proportions of TTX and KR-32568 on the hypoxiainduced increase in I NCX were 64.83% and 16.94%, respectively (n010; Fig. 6a, c, e) . Also, there is a similar decrease in reverse I NCX in another group of hypoxic cells treated with 10 μM KR-32568 and 2 μM TTX sequentially, as the inhibitory proportions of the two drugs were 18.38% and 64.41%, respectively (n010; Fig. 6b, d, f) , suggesting that the inhibition of current was not related to the application sequences of the drugs.
The inhibitions of the increased I Na.P and reverse I NCX by 4 μM TTX and 10 μM KR-32568 during acute ischemia
Reducing the pH values in the intracellular pipette solution to 6.0 and extracellular solution to 6.8 caused no significant change in the mean current density of inward I NCX , but resulted in significant increases in I Na.P and the outward I NCX especially in the presence of hypoxia. TTX (4 μM) inhibited I Na.P and reverse I NCX , and KR-32568 (10 μM) further reduced the outward I NCX but had no significant effect on I Na.P . The activation proportions of I Na.P and NHE on the increased I NCX were 73.39% and 24.13%, respectively (n07) (Fig. 7a-c) .
Discussion
A number of studies indicate that the impaired intracellular Ca 2+ concentration and Ca 2+ overload are related to many pathological conditions and cardiac arrhythmias [8, 20] . It is of vital theoretical significance and broad application prospects to study the mechanisms of the increased I NCX -induced intracellular Ca 2+ overload. In this study, I Na.P and I NCX were recorded simultaneously and alternately in the same cell. The results indicated that both reverse I NCX and I Na.P were increased in hypoxic or acute ischemic cells, and inhibited by TTX. More importantly, TTX (4 μM) and KR- 32568 (10 μM) caused the maximal inhibitions on the increases of I Na.P and reverse I NCX during hypoxia. The contributions of I Na.P and NHE on the increased reverse I NCX were 72.54% and 16.89% during hypoxia, respectively. When the concentration of TTX was reduced from 4 to 2 μM, the inhibition of reverse I NCX was significantly reduced from 72.54% to 64.83%, whereas the contribution of KR-32568(10 μM) remained the same at 16.94%. The inhibition of reverse I NCX by TTX (2 μM) and KR-32568 (10 μM) was not associated with the sequences of drug administration, suggesting that the effects from these drug are in parallel rather than in sequence. In order to well simulate the acute ischemia of the cells other than hypoxia [6] , the pH values of intracellular and extracellular solutions were reduced to 6.0 and 6.8 during hypoxia to maintain high intracellular and extracellular concentrations of hydrogen ions. It needs to be mentioned that although a combination of major contributors of acidosis and hypoxia was used in this study to mimic acute ischemia, cardiac ischemia may be associated with accumulation of extracellular lactate and potassium, alteration of cytosolic redox potential, decrease of creatine phosphate level, and accumulation of cytosolic inorganic phosphate. These factors may affect (directly and indirectly) the activity of Ca 2+ and Na + transporting systems, including NCX. Therefore, further investigations using improved models to mimic ischemia are desirable. I Na.P and reverse I NCX were increased during acidosis, and both of the currents would be further increased under the combination of acidosis and hypoxia. Either 4 μM TTX or 10 μM KR-32568 partially reversed the increased I NCX by 73.39% and 24.13%, respectively. In other words, the contribution proportions of I Na.P and NHE on the increased I NCX were about 73.39% and 24.13%, respectively. Therefore, the hypoxia-and acidosis-induced increase in I Na.P makes more contribution to the increase in I NCX during simulated ischemia than NHE. In addition, the activation of NHE caused by intracellular acidosis during ischemia plays a role in the increase in reverse I NCX and is independent of the increase in I Na.P . In this study, in order to compare the contribution of I Na.P and NHE on I NCX , we inhibited Na + -K + pump by using ouabain, and accordingly did not take the role of the decreased activity of Na + -K + pump (ATP depletion) which could lead to Na + accumulation and intracellular Ca 2+ overload during ischemia into consideration.
The potential intracellular mechanism underlying the enhancement of I Na.P during acidosis remains unclear. Our previous experimental results showed that low extracellular pH (7.0, 6.8, and 6.5) obviously increased the amplitude I Na.P in a [H+] concentration-dependent manner in guinea pig ventricular myocytes. Furthermore, protein kinase C (PKC) inhibitor bisindolylmaleimide (BIS) reduced the enhanced I Na.P at pH 6.5 [26] . In addition, Freya reported that lipid-derived radical formation in cells is pH dependent; the lower the extracellular pH (7.5-5.5), the higher the free radical flux [10] . It has been shown that the increases in radicals can induce augmented I Na. P which can be reduced by BIS [27, 42, 50] . These results demonstrate that the increased I Na.P may have some connection with the increased radicals and the activation of PKC in ventricular myocytes during low pH.
Increased [Na + ] i during hypoxia and ischemia was identified by using Na + fluorescent probe (Na + -binding benzofuran isophthalate SBFI) [13, 51] and was attributed mainly to the increase of Na + influx rather than the decrease of Na + efflux [12] . Na + channel blockers significantly reduced the increase in [Na + ] i during hypoxia [13, 42, 43, 47, 51] . The results in this study indicate that hypoxia-or acute ischemia-induced increase in I Na.P is an important cause of the enhanced reverse NCX which presumably led to the increase of [Ca 2+ ] i and intracellular Ca 2+ overload and might subsequently cause cell injury such as myocardial contracture, arrhythmias, myocardial stunning, and even cell apoptosis and death [2, 32, 42, 45] . A report from Ziegelstein et al. on anoxic rat myocardial cells also illustrates that NCX inhibitor dimethylthiourea significantly reduces the level of [Ca 2+ ] i [52] . The hypoxiainduced increase in I Na.P may be attributable to the effects of the hypoxia-induced increase in Ca 2+ -sensitive nitric oxide synthase (NOS) and Ca 2+ -insensitive NOS2, which induce an increase in nitric oxide (NO) production in turn [1, 29, 31, 40] . The action of NO on Na + channels increases I Na.P through a direct chemical reaction with a protein thiol [16, 44] . In addition, hypoxia-induced increase in intracellular Ca 2+ and reactive oxygen species can also activate Ca 2+ /calmodulin-dependent protein kinase II, which phosphorylates cardiac Na + channels leading to enhanced I Na.P [28, 30, 48, 49] .
Furthermore, intracellular acidosis under conditions of hypoxia and metabolic disorder can activate NHE, a neutrally cross-membrane ion transport (an exchange of an intracellular H + for an extracellular Na + ), and then increase [Na + ] i -dependent Ca 2+ entry through NCX. Although NHE plays a very important role in regulating the intracellular electrolytes and acid-base balance in the physiological state, it can lead to intracellular Ca 2+ overload in hypoxic myocytes and thus takes an important responsibility for further cell damage [23] . Therefore, NHE inhibitors have been shown to reduce the intracellular Na + concentration and Ca 2+ overload in ischemic myocardial cells [18, 34] . In order to further validate our results, effects of TTX on increased I Na.P and I NCX during hypoxia and after the administration of Na + channel activator veratridine were also compared, and the results were found to be similar. That is, reverse I NCX was significantly increased with the increase in I Na.P and both of the currents were reversed by TTX. Therefore, the increase in reverse I NCX caused by either hypoxia or veratridine may share the same mechanisms. Veratridine keeps Na + channels open during a sustained membrane depolarization by reducing inactivation of Na + channel and thus increasing I Na.P [46] . Studies have shown that veratridine could cause the intracellular Ca 2+ overload which has been presumed to primarily result from the augmentation of reverse NCX [9, 33] . This study has confirmed the above-mentioned speculation for the first time. Thus, the mechanisms of Ca 2+ overload during hypoxia and after the administration of veratridine may be similar, mainly through the reverse NCX secondary to intracellular Na + overload due to either hypoxia-or veratridineinduced increase in I Na.P .
This mechanism proposed in this study could be used in the treatment of hypoxic and ischemic heart diseases because it is possible to use a combination of drugs that inhibit both I Na.P and NHE in addition to the reverse NCX inhibitor, such as KB-R7943 [8, 20] . The contribution of NHE to hypoxia-or acute ischemia-induced increase in reverse NCX is relatively small comparing to that of I Na.P , and the NCX inhibitor can only reduce the intracellular Ca 2+ overload but not Na + overload which is also harmful to cells. Consequently, this study indicates that I Na.P blockers might be more effective than NHE or NCX inhibitors to reduce Na + overload, Ca 2+ overload, and cell damage in ischemic heart. Clinical use of drugs that inhibit I Na.P , such as ranolazine, has been shown to diminish the detrimental effects of the Na + and Ca 2+ overload [3, 4, 15, 42, 43] . In conclusion, the increase in I Na.P during hypoxia or acute ischemia is a more important mechanism than NHE and is responsible for the increase in reverse NCX. The mechanisms proposed in this study might be useful in supporting the basic and clinical research on the protection of ischemic myocardium and the prevention of ischemia/reperfusion-related cell injuries and cardiac arrhythmias. 
